Since Nagler's discovery" of the hemagglutinin obtained from suspensions of vaccinial lesions on the chorio-allantois, a number of investigators have attempted to characterize it more precisely. Nagler"" and others'"" have shown that antibodies which inhibit vaccinia hemagglutinin (V.H.) develop in man, rabbits, mice, and guinea pigs following infection with vaccinia virus, but it is not known if the V.H. itself is antigenic. Burnet and Stone' observed that V.H. was a substance distinct from the virus particle. Since V.H. was inactivated by Clostridium welchii a-tOxin (lecithinase) in the presence of calcium ions, and since citrate, specific antitoxic serum, and lecithin inhibited this inactivation, Stone" concluded that V.H. contains a phospholipid, most probably lecithin, and that the enzymic breakdown of this part of the complex destroys its hemagglutinating properties. On the basis of an analysis of some physico-chemical and immunological properties of V.H., Chu" ' concluded that it is distinct from, and apparently unassociated with, the elementary body, that it is not the L-S antigen, but that it represents a new and distinct antigen occurring in a relatively large particulate state. Since protamine and histones were found to inhibit vaccinia hemagglutination, Fisher8 suggested that the red cell receptors for the phospholipid might be protein in nature.
which they were adsorbed by fowl red cells, and in the hemagglutinating titers which they showed at 37 C. and at 5 C.
Although our observations are in part confirmatory of the results of others, it appeared desirable to record certain experimental data which have led us to believe that V.H., as it occurs in preparations of chorioallantoic membranes infected with the Levaditi, the Noguchi, the CL, or the Nelson strain of vaccinia virus, is polydisperse-that is, it has a range of weights. This "unitarian" view of V.H. is based on a number of considerations. In agreement with Chu,6 we have observed that purified suspensions of elementary bodies, prepared from infected membranes by differential centrifugation combined with repeated washing and resuspension of virus, fail to agglutinate susceptible fowl red cells. The V.H. activity found in the sediment obtained in the first angle centrifugation at 5,000 rpm for one hour may be due either to the adsorption of V.H. onto the virus, or more probably to the presence of aggregates of V.H. which are similar in size to the virus. At any rate, it is abundantly clear that the titer of V.H. is not correlated with the infectivity of a suspension of elementary bodies (E.B.). For example, a crude suspension of E.B. prepared by sedimentation at 5,000 rpm for one hour, and a preparation of E.B. which had been washed repeatedly and resuspended, were adjusted so that each contained a 50 per cent infectious dose (I.D.50) of 109 per ml. for chick embryos. The crude suspension had a V.H. titer of 32 and the purified material a titer of less than one. The supernatant resulting after three successive centrifugation cycles at 5,000 rpm for 30 minutes (a procedure which removes the bulk of the virus) was subjected to high speed centrifugation in a refrigerated angle head centrifuge at 13,000 rpm for three periods of one hour each. The V.H. in the supernatants remained at the original titer of 64. The high speed sediments, when made up to original volume, had I.D.50's of less than 105, and V.H. titers of 16, 2.5, and less than one after the first, second, and third periods respectively. These data suggest that there is no striking homogeneity of particle size of V.H., and that an extremely small quantity of active material is required to produce visible hemagglutination. This latter impression is borne out by the fact that chicken cells in one per cent suspension, when added to an equal volume of V.H., absorb between 10 and 15 units, while under the same conditions they will absorb approximately 600 units of influenza hemagglutinin. One unit of hemagglutinin is defined as the amount contained in the highest dilution which produces visible agglutination of chicken erythrocytes.
After the bulk of the virus is removed from suspensions of infected membranes by three 30-minute periods of centrifugation at 5,000 rpm, the remaining supernate is spun at 13,000 rpm for two hours. This last centrifugation separates V.H. into two fractions with strikingly different properties. The differences summarized in Table 1 were ascertained after the sediment and the supernatant had been adjusted to contain the same number of hemagglutinating units. The heat stability of V.H. in the sediment agrees with that obtained by Chu' and by Gillen, Burr, and Nagler,9 while the heat lability of V.H. in the supernatant confirms the observation of the latter workers. Trypsin itself, in the concentrations employed, agglutinated chicken erythrocytes, but its titer was only one-tenth that of the V.H. employed. The hemagglutinin remaining after the action of trypsin on V.H., was reduced in activity to one-half by normal rabbit serum and completely inhibited by specific anti-vaccinia rabbit serum. This suggests that trypsin may have partially inactivated the virus antigen, thus causing the release of phospholipid units which are capable of agglutinating chicken erythrocytes, but which are inhibited by normal serum. The hemagglutinin obtained by the extraction of the V.H. with alcohol-ether was entirely "non-specific" in that it was completely inhibited by normal rabbit serum. The point of greatest interest in the treatment of V.H. with trypsin and in the extraction of V.H. with alcohol-ether is that the increase in hemagglutinating titer which resulted was much greater in the sedimented V.H. than in the V.H. of the supernatant. In addition, the amount of lipid phosphorus in the sedimented V.H. was approximately three times that found in the V.H. in the supernatant. Although these data do not establish the view that V.H. is polydisperse, they certainly suggest that this may be the case. The in-hibition of V.H. by calcium chloride and magnesium chloride was observed to be the same for the V.H. in the sediment and that in the supernatant, suggesting a common mechanism of action. Calcium and magnesium ions have been found by Hilleman, Haig, and Helmold10 to inhibit the noninfective hemagglutinin of the psittacosis-lymphogranuloma venereum group of viruses. If V.H. is polydisperse, it would not be surprising to find differences in filterability, and in fact these have been observed by Chu' and Gillen, Burr, and Nagler.9 There is no obvious explanation for the heat stability of V.H. in the sediment and its heat lability in the supernatant. These differences may be related to the phospholipid content of the V.H., which might function as a protective coating or which, more probably, might alter the spatial configuration of the V.H. complex. Thus, inactivation of V.H. in the superniatant might require one type of alteration of the molecular configuration of the phospholipid, while inactivation of the sedimented V.H. might require a different type due to its greater concentration of phospholipid. On the basis of the foregoing considerations, it is suggested that V.H. is polydisperse much as a substance such as hyaluronic acid is polydisperse-that is, it is found in a range of weights.
